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This invention is directed to improved ophthalmic and"' 
otorhinolaryngological device materials. In particular, this invention^rfelSte^fP^ 
soft, high refractive index acrylic device materials particularly suited for us&W * 
intraocular lens ("IOL*) materials. 

Background of the Invention 

With the recent advances in small-incision cataract surgery, Increased 
emphasis has been placed on developing soft, foldable materials suitable for 
use in artificial lenses. In general, these materials fall Into one of three 
categories: hydrogels, silicones, and acrylics. 

In general, hydrogel materials have a relatively low refractive index, 
making them less desirable than other materials because of the thicker lens 
optic necessary to achieve a given refractive power. Silicone materials 
generally have a higher refractive index than hydrogels, but tend 'to unfold 
explosively after being placed in the eye in a folded position. Explosive 
unfolding can potentially damage the corneal endothelium and/or rupture the 
natural lens capsule. Acrylic materials are desirable because they typically 
have a high refractive index and unfold more slowly or controllably than 
silicone materials. 

U.S. Patent No. 5,290,892 discloses high refractive index, acrylic 
materials suitable for use as an IOL material. These acrylic materials contain, 
as principal components, two aryl acrylic monomers. The lOLs made of these 
acrylic materials can be rolled or folded for insertion through small incisions: 

U.S. Patent No. 5,331,073 also discloses soft acrylic IOL materials. 
These materials contain as principal components, two acrylic monomers 
which are defined by the properties of their respective homopolymers. The 
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first monomer is defined as one in which its homopolymer has a refractive*-^ 
index of at least about 1 .50, The second monomer is defined as one in which 
its homopolymer has a glass transition temperature less than abo*^2-^C^;f^L.'?m^ 
These fOL materials also contain a cross-linking component Additionally. — ?.rvjr. 
5 these materials may optionally contain a fourth constituent, diffe^t^;fFo^fP^^*^ , "** 
first three constituents, which is derived from a hydrophilic mehomgr^ ?hes*e^» <M\itm,** 
materials preferably have a total of less than about 15% by weight 7 of >r a ^ 
hydrophilic component, 

jo U.S. Patent No. 5,693.095 discloses foldabte, high refractive index 

ophthalmic lens materials containing at (east about 90 wt% of only two 
principal components; on© aryl acrylic hydrophobic monomer and one 
hydrophilic monomer. The aryl acrylic hydrophobic monomer has the formula 
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i 

CH 2 = C - COO-{CH 2 ) m -Y-Ar 



wherein: X is H or CH3 ; 
jo m is 0-6; 1 

Y is nothing, O, S. or NR, wherein R Is H, CH3, C n H2n+1 (n=1- 

10), lso-OC3H7, C6H5, orCH2CeH 5 ; and 

Ar is any aromatic ring which can be unsubstituted or substituted 

with CH3, C2H5. n-C3H7. ISO-C3H7, OCH3. CfcHii, CI, Br, C6H5, 
25 or CH2C6H5. 

The tens materials described in the '095 Patent preferably have a glass- 
transition temperature (T 0 ") between about -20 and +25 °C. 

30 Summary of the Invention 

Improved soft, foldable acrylic device materials which are particularly 
suited for use as lOLs, but which are also useful as other ophthalmic or 
otorhinolaryngological devices, such as contact lenses, keratoprosthesee, 
35 corneal rings or inlays, otological ventilation tubes and nasal implants, have 
been discovered. These materials contain only two principal components: 
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one aryl acrylic hydrophobic monomer and one hydrophilic monomer. The 

materials of the present invention are copolymBrs comprising at least about- -n- *.* » 

j ■ 90% by weight of the two principal monomeric components, provided that the-^ - w<* .ton©*- 

amount of the hydrophilic component is not greater than that of the aryl acrylic v ' 

5 hydrophobic component. The remainder of the material compWes up to '10%^ ' *' *w»aj»iaa^r»- 
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by weight of one or more additional components serving other purposes, such M "" nwia8JW " ff " 
as cross-linking, UV-light absorbing, and blue-light absorbing components. 

Detailed Description of the Invention 

The improved acrylic materials of the present invention are copolymers 
comprising only two principal monomeric components: an aryl acrylic 
hydrophobic component and a hydrophilic component. 

<5 The aryl acrylic hydrophobic monomers suitable for use in the 

materials of the present invention have the formula 



X 
I 

20 CH 2 - C - COO-CCHjWY-tCHaXiAr , . 

wherein: X is H or CH3; 
m is 2 - 6; 

YisOorO(CH 2 CH 2 0)n; 
25 n is 1 - 6; 

w is 1 - 6, provided that m + w <> 8; and 
Ar is any aromatic ring which can be unsubstituted or substituted 
with CH3, C2H5, n-C 3 H7, iso-C 3 Hy. OCH3, C 6 Hi 1f CI, Br f 
C6Hs. or CH 2 C6H 5 . 

30 

Monomers of the above structural formula can be made by methods 
known in the art. For example, the conjugate alcohol of the desired monomer 
can be combined in a reaction vessel with methyl methacrylate, tetrabutyl 
titanate (catalyst), and a polymerization inhibitor such as 4-benzyloxy phenol. 

3 
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The vessel can then be heated to facilitate the reaction and distill off the 
reaction by-products to drive the reaction to completion. Alternative synthesis 
schemes involve adding rnethacryfic acid to the conjugate- alcohol- anflSH- ^nac ^ 
catalyzing with a carbodiimide or mixing the conjugate alcohol wlfc 
methacryloyl chloride and a base such as pyridine or triethylamini. ™ } s3!ow*38t ~ «^a&»j*:;n m-. 



Preferred aryl acrylic hydrophobic monomers for use in the materials of 
the present invention are those wherein X is CH 3 , m is 2 - S, w is 1, Y is O or 
OCH2CH2O, and Ar is phenyl. Most preferred are 2-benzyloxyethjl 
methacryiate, 3-benzyIoxypropyl methacryiate, and benzyloxyethoxyethjl 
methaciyiate. 

The homopolymers of the aryl acrylic hydrophobic monomers suitable 
for use in the present invention contain an equilibrium water content of less 
than 3 %, and preferably less than 2 %, by weight as determined 
gravimetricalfy in deionized water at ambient conditions. 

The hydrophilic monomers suitable for use in the present invention 
contain at least one reactive, unsaturated functional group. Preferably, the 
reactive unsaturated functional group is a vinyl, acrylate or methacryiate 
group. 

The homopolymers of the hydrophilic monomers suitable for use in the 
materials of the present invention have an equHibrium water content of at 
least 10 % f and preferably at least 25 %, by weight as determined 
gravimetrically in deionized water at ambient conditions. 

Suitable hydrophilic monomers for use in the present invention include 
2-hydroxyethyl acrylate; 2-hydroxyethyl methacryiate; 2-N-ethylacryIate 
pyrrolldone; 2-hydroxy-3-phenoxypropyl acrylate; 2,3-dihydroxypropyt 
acrylate; 2,3-dihydroxypropyl methacryiate; 2*N-vinyl pyrrolidone; 
polyethylene oxide:200 monomethyl ether monomethacrylate; polyethylene 
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oxjda:200 monomethacrylate; polyethylene oxide:1000 monomethacrylate^- 
hydroxyphenoxypropyl methacrylate and methotfyethoxyethyl methacrylate* - 

Preferred hydrophilic monomers for use in the present invention ar^^ K 
include 2-hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; and 
polyethylene oxide:1000 monomethacrylate. * "mmmwm&m 



The materials of the present invention are copolymers comprising a 
total of about 90 % by weight of the two principal components described 
io above, provided that the amount of the hydrophilic component is not greater 
than the aryl acrylic hydrophobic component. 

The copolymer materials of the present invention are cross-linked. The 
copolymerizable cross-linking agent used in the copolymers of this invention 

is may be any terminally ethylenically unsaturated compound having more than 
one unsaturated group. Combinations of cross-linking monomers are also 
suitable. Suitable cross-linking agents Include, for example: ethylene gfyco! 
dimethacrylate; diethytene glycol dimethacrylate; polyethylene oxide 
dimethacrylate; allyl methacrylate; 1 ,3-propanediol dimethacrylate; ally) 

20 methacrylate; 1 ,6-hexanediol dimethacrylate; 1 ,4-butanediol dimethacrylate; 
and their corresponding acrylates. Preferred cross-linking agents are 1,4- 
butanediol diacrylate (BDDA), ethyleneglycol dimethacrylate and polyethylene 
oxide dimethacrylate. Generally, the amount of the cross-linking component 
is at least 0.1 % (weight). 

25 

In addition to an aryl acrylic hydrophobic monomer, a hydrophilic 
monomer, and one or more cross-linking components, the lens material of the 
present invention may also contain a total of up to about 10 % by weight of 
additional components which serve other purposes, such as reactive UV and/or 
30 blue-light absorbers. 

A preferred reactive UV absorber is 2-<2'-hydroxy-3 , -methallyl-5'- 
methy!phenyl)benzotria2ole, commercially available as o-Methallyl Tinuvin P 

5 
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("oMTP") from Polysciences, Inc., Warrjngton. Pennsylvania. UV absorbers am * 
typically present in an amount from about 0.1 -5% (weight). ■ .•: >\ k*. 

Suitable reactive blue-light absorbing compounds are those de^nW^W^ic; ^s©fom 
5 commonly assigned, copending U.S. patent application Serial n^b§r .*arrnr 

03/138.663, the entire contents of which are hereby incorporated by reference ^ a r ^ 

Blue-light absorbers are typically present in an amount from about 0.01 - 0.5 % 
(weight). 

in Suitable polymerization initiators include thermal initiators and wl 

photoinitiators. Preferred thermal initiators include peroxy free-radical initiators* 
such as t-butyl (peroxy-2-ethyl)hexanoate and dKterNbutylcyclohexyf) 
peroxydicarbonate (commercially available as Perkadox® 16 from Akzo 
Chemicals Inc., Chicago, Illinois). Particularly in cases where the materials of 

i* the present invention do not contain a blue-light absorbing chromophore, 
preferred photoinitiators include benzoylphosphine oxide initiators, such as 
2,4,6-trimethyl-benzoyIdiphenyl-phosphine oxide, commercially available as 
Lucirin* TPO from BASF Corporation (Charlotte, North Carolina). Initiators 
are typically present in an amount of about 5 % (weight) or less. > . 

20 

The particular combination of the two principal monomers described 
above and the identity and amount of any additional components are 
determined by the desired properties of the finished ophthalmic lens. 
Preferably, the ingredients and their proportion are selected so that the 
25 improved acrylic lens materials of the present invention possess the following 
properties, which make the materials of the present invention particularly 
suitable for use in lOLs which are to be inserted through incisions of 5 mm or 
less. 

jo The lens material preferably has a refractive index in the dry state of at 

least about 1.50 as measured by an Abbe' refractometer at 589 nm (Na light 
source). Optics made from materials having a refractive index lower than 1 .50 
are necessarily thicker than optics of the same power which are made from 

6 
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materials having a higher refractive index. As such, 10L optics made from ^ 
materials having a refractive index lower than* about 1.50 generally require 
relatively larger incisions for IOL implantation. ... ^ 

5 The glass-transition temperature ("Tg") of the lens material, which T afffefiS^^^ p -^| J ^ r - * 

the material's folding and unfolding characteristics, is preferably iai^'fi^)^B3it in& r|wa»a'<s<U- 
+25 °C, and more preferably less than about +15 °C. Tg is measured I 
differential scanning calorimetry at 10 g C/min., and is generally determrnW^^^w M *\ 
the midpoint of the transition of the heat flux curve. "Tg" and "Tg (mid)* berth | 
refer to the Tg taken at the midpoint of the transition of the heat flux curve. *Tg - 
(start)* 4 refers to the Tg taken at the beginning of the transition of the heat flu* 
curve; M Tg (end)* 1 refers to the Tg taken at the end of the transition of the he* 
flux curve. 
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is The tens material will have an elongation of at least 150%, preferably at 

least 200%, and most preferably between 300 and 600%. This property 
indicates that the lens generally will not crack, tear or split when folded. 
Elongation of polymer samples is determined on dumbbell shaped tension 
test specimens with a 20 mm total length, length in the grip area of 4.88 mm. 

20 overall width of 2.49 mm, 0.833 mm width of the narrow section, a fillet radius 
of 8.83 mm, and a thickness of 0.9 mm. Testing is performed on samples at 
standard laboratory conditions of 23 ± 2 °C and 50 ± 5 % relative humidity 
using an Instron Material Tester model 1 122 with a 2000 gram load cell. The 
grip distance is set at 14 mm and a crosshead speed is set at 20 mm/minute 

2s and the sample is pulled to 700 % elongation or until failure. The elongation 
(strain) is reported as a fraction of the displacement at failure to the original 
grip distance. The modulus is calculated as the instantaneous slope of the 
stress-strain curve at 100 % strain. Stress is calculated at the maximum load 
for the sample, typically the load when the sample breaks, assuming that the 

jo initial area remains constant. This stress is recorded as "tensile strength" in 
the examples below. 
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lOLs constructed of the materials of the present invention can be of any 
design capable of being rolled or folded into a small cross section that can fit - 
through a relatively smaller incision. For example, the lOLs can be of what fe 
known as a one piece or multipiece design, and comprise optic and haptjc* - ^ > 

5 components. The optic is that portion which serves*as theJeasjamdrtfoe haptic&^^MK^^w ^ 
are attached to the optic and are like arms which hold the optic in its proper 
place in the eye. The optic and haptic(s) can be of the same or different 
material. A multipiece lens is so called because the optic and the haptic(s) an&^*^-~~ ~ : 
made separately and then the haptics are attached to the optic. In a single 

m piece lens, the optic and the haptics are formed out of one piece of material. 
Depending on the material, the haptics are then cut, or lathed, out of the 
material to produce the IOL 

Most preferred for foldable lOLs are materials that have a tensile 
is modulus (stress at break) < 1 0 Mpa and a Tg (end) < 30 *C. 

In addition to lOLs, the materials of the present invention are also 
suitable for use as other ophthalmic or otorhinolaryngological devices such as 
contact lenses, keratoprostheses, corneal inlays or rings, otological ventilation 
id tubes and nasal implants. 

The invention will be further illustrated by the following examples which 
are intended to be illustrative, but not limiting. 

25 Each of the formulations of Examples 1 - 14 is prepared as follows, 

with all of the reactive monomers used being substantially free of inhibitors. 
After combining the formulation components as listed in Table 1, each 
formulation is mixed by agitation, and then injected into a polypropylene 25 x 
12x1 mm slab mold. The bottom portion of the IOL mold contains a cavity 

30 which it filled to capacity, and then the top portion of the IOL mold is placed 
on the bottom portion and locked in place by mating male and female grooves 
machined into each portion. To make slabs, the cavity in the bottom portion 
of the slab mold is filled to capacity with the formulation and then the top is 

8 
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placed on strictly as a seal. The molds can either be filled under an inert 
nitrogen or standard laboratory atmosphere; To maintain the mold geometry-"* - 
during curing, a means of clamping via springs is asserted on the molds. Tte 1 * 
clamped molds are placed in a convection air oven and cured' at 80 - 90'°Cfl»*a- 
for 1 hour, then 100 - 1 10 °C for 2 hours. At the end of polymerization * 
period, the mofds are opened and the cured intraocular lenses or polymer ~ 
slabs are removed and extracted in acetone to remove any un reacted M ^^T**j» 

r 

materials. i 



ii* The physical properties of the, cured materials shown in Tables 1 and 2 

are then assessed (according to the protocols referred to above). Unless 
otherwise indicated, all ingredient amounts are listed as % by weight 



TABLE 1 





Example No. 


inaradient 


1 


2 


3 


4 


5 


6 


PPMA 


84.50 


84,51 


64.44 








BPMA 








84.54 


84.50 1 


84.41 


HEMA 


14.99 






14.96 






MEMA 




14,97 






15.01 




HPMA 






15.08 






15.01 


EGDMA 


0.51 


0.52 


0.50 


0.51 


0.49 


0.57 


BPO 


0.95 


0.97 


0.91 


0.94 


0.95 


0.93 
















Tensile Strength (MPa) 


9.1 


3,97 


6.93 


8.64 


2.93 


6.02 


% Strain 


325 


834 


586 


392 


822 


529 


Young's Modulus (MPa) 


22 8 


1.4 


10.5 


14.8 


1.04 


7.72 


100% Modulus (MPa) 


9.41 


0.79 


5.04 


7.9 


0.59 


4,14 

















PPMA: 5-phenylpentyl methacrylate 
BPMA: 2HberuylQxyethyl methaoylate 
20 HEMA: hydroxyathyj rnethacryiate 

MEMA methoxyethoxyethyl methacrylate 
HPMA: hydroxyphenoxypropyl methacrylate 
EGDMA: ethylene glycol dimethacryfate 
BPO: benzoyl peroxide 

9 
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TABLE 2 • 





Example No. - ; 


|nqre<^ni 


7 


8 


g 


10 


1 1 


12 


13 


1A 1 


PPMA 


84.30 


84.48 














BPMA 






83.87 













PBMA 








84.45 


84 4S 




-■ - 




BEMA 












ft/1 AA 


Ail AO 




BEEMA 
















OA C 


MEMA 


15.13 




14,88 


15.01 




14.99 






HEMA 




14.98 






15,00 




15.02 


15.1 


EGDMA 


0.57 


0.54 


1.25 


0.54 


0.52 


0.57 


0.49 


0.4 


t-BPO 


1,07 


1.05 


1,18 


1.01 


1.01 


1.03 


1.03 


1.3 


Tensile Strength (MPa) 


5.1 


10.3 


4.8 


7.1 


23.6 


7.1 


24.3 


4-8 


% Strain 


823.4 


371.2 


537.2 


846.4 


40.6 


648.8 


41.0 


681 


Young's Modulus (MPa) 


1.6 


24.7 


2,0 


8,3 


31.0 


7.8 


75.9 


1.4 


Tg (start) Q C 


■25 


-33 


-27 


-30 


-27 


-25 


-18 




Tg (end) 


10 


32 


22 


27 


40 


13 


30 




Tg (mid)°C 


-10 


3 


-8 


-4 


16 


2 


15 


^12.7 



BEEMA; bonzyloxy^thoxyethyi methacrytate 
PBMA: 4-priertytbutylmethacrylate 
BEMA; 2-t>enryk>xyothyl methdcrytate 
io t-BPO: t-buty) (peroxy-2-ethy1)hexanoate 
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We claim: 

• • • 1 . A copolymer having an elongation of at least 1 50%, comprising a totalopy * : ^ ^ ^ 

at least 90 % by weight of two principal monomers, wherein ei^pnncipa ^nm^mPMii: 
s monomer is an aryl acrylic hydrophobic monomer of the formula ^ u ^&^mwmm ififcfSSfe 

X 
I 

CH 2 = C • COO^(CH 2 )m-Y-(CH 2 ) w Ar 

10 

wherein: X is H or CH3; 
m is 2 - 6; 

YisOorO(CH 2 CH 2 0)n; 
n is 1 - 6; 

is w is 1 - 6, provided that m + ws8; and 

Ar is any aromatic ring which can be unsubstituted or substituted 
with CH 3 , C2H S> n-C 3 H 7 . iso-C 3 H 7 , OCH3, C 8 Hi 1 , CI, Br, 
C 6 H 5f or CH 2 C 6 H5; 

20 the homopolymer of which has an equilibrium water content of 3 % or 

less, 

and the other principal monomer, present in an amount not greater 
than the amount of the aryl acrylic hydrophobic monomer, is a 
25 hydrophilic monomer having at least one reactive unsaturated 

functional group, the homopolymer of which has an equilibrium water 
content of at least 10%, 

and wherein the copolymer further comprises a cross-linking monomer 
30 having a plurality of polymerizable ethylenically unsaturated groups. 



. 11 
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2. The copolymer of claim 1 wherein X is CHa, m is 2 - 5. w is 1, Ar is 
phenyl, and Y is selected from the -group consisting of O and 
i • OCH 2 CH 2 0. 

^ , 5 3. sTffffrito0filymer<6f Claim Zwherein tfteiaryl .acrync^^ vfvvijsr^r^ 



is selected from the group consisting of 2-benzyloxyethyl methacrylate; 
3-benzyioxypropyl methacrylate; and benzyloxyetboxyethyl 
methacrylate. 



4. The copolymer of Claim 1 wherein the unsaturated functional group in 
the hydrophilic monomer is selected from the group consisting of vinyl; 
acrylate; and methacrylate groups. 



5. The copolymer of Claim 4 wherein the hydrophilic monomer is selected 
15 from the group consisting of 2-hydroxyethyl acrylate; 2-hydroxyethyl 

methacrylate; 2-N-ethylacrylate pyrrolkJone; 2-hydroxy-3-phenoxypropyl 
acrylate; 2 ,3-dihydroxy propyl methacrylate; 2-N-vinyl pyrrolidone; 
polyethylene oxide:200 monomethyl ether monomethacrylate; 
polyethylene oxlde:200 monomethacrylate; polyethylene oxide:1000 
20 monomethacrylate; hydroxyphenoxypropyl methacrylate and 

methoxyethoxyethyl methacrylate. 

6. The copolymer of Claim 5 wherein the hydrophilic monomer is selected 
tram the group consisting of 2-hydroxyethyl acrylate, 2-hydroxyethyl 

25 methacrylate, and polyethylene oxkJe:1000 monomethacrylate. 

7. The copolymer of Claim 1 further comprising one or more components 
selected from the group consisting of reactive UV absorbers and 
reactive blue-light absorbers. 

30 

8. The copolymer of Claim 1 wherein the copolymer has a refractive index 
of at least 1.50. • 

12 
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9. The copolymer of Claim 1 wherein the copolymer has a Tg less than 
about +15 °C. ' . 

10. The copolymer of Claim 1 wherein the copolymer has an elongation of^«^'^ 
- 5 ? least 1 50%,ia4ensile modulus < 1 0 Mpa, and a Tg (end) < ^Q^^mmm^mmm 

11. The copolymer of Claim 10 wherein the copolymer has an elongation m 
from 300 to 600%. 

id 12. An ophthalmic lens comprising a copolymer having an elongatlSftWil :-^rrrwt 
least 1 50%, comprising a total ot at least 90 % by weight of two principal 
monomers, wherein one principal monomer is an aryl acrylic 
hydrophobic monomer of the formula 



15 A 
I 

CH2 * C - COO^CH 2 )m-Y-(CH*)»Ar 

wherein: XisHorCH 3 ; 
20 mis 2 -6; 

YisOorO(CH?CH 2 0) n ; 
n is 1 ~ 6; 

w is 1 - 6, provided that m + w < 8; and 
Ar is any aromatic ring which can be unsubstituted or substituted 
2« with CH3. C2H5, n-C3H7, ISO-C3H7, OCH3, CqH^ <\ , C[, Br, 

C6H5. or CH2C6H5; 

the homopolymer of which has an equilibrium water content of 3 % or 
less, 



30 



and the other principal monomer, present in an amount not greater 
than the amount of the aryl acrylic hydrophobic monomer, is a 
hydrophilic monomer having at least one reactive unsaturated 

13 
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functional group, the homopolymer of which has an equilibrium wafer 
content of at least 10 %, - - % 

and wherein-the copolymer further comprises a cross-linking mpnom^^uu®^*^ 
5 having a plurality of polymerizable ethylenically urisaturatedvgfoups.n'ww^fT'^i^i^ 



10 



1 3. The ophthalmic lens of Claim 12 wherein the lens is an intraocular lens. " ~ ' a^t^mt 

14. The intraocular lens of Claim 13 wherein X is CH 3 , m is 2 - 5. w is 1, Ar 
is phenyl, and Y is selected from the group consisting of O and 
OCH 2 CH 2 0. 



15. The intraocular lens of Claim 14 wherein the aryl acrylic hydrophobic 
monomer is selected from the group consisting of 2-benzyloxyethyl 

13 methacrylate; 3-benzyloxypropyl methacrylate; and 

benzyloxyethoxyethyl methacrylate. 

16. The intraocular lens of Claim 14 wherein the unsaturated functional 
group in the hydrophilic monomer is selected from the group .Consisting 

20 of vinyl, acryiate, and methacrylate groups. 

17. The intraocular lens of Claim 16 wherein the hydrophilic monomer is 
selected from the group consisting of 2-hydroxyethyl acryiate; 2- 
hydroxyethyl methacrylate; 2-N-ethyiacrylate pyrralidone; 2-hydroxy-i- 

25 phenoxypropyl acryiate; 2,3-dihydroxypropyl methacrylate; 2-N-vinyl 

pyrrolidone; polyethylene oxide:200 monomethyl ether 
monomethacrylate; polyethylene oxide:200 monomethacrylate; and 
polyethylene oxide: 1000 monomethacrylate; hydroxyphenoxypropyl 
methacrylate and methoxyethoxyethyl methacrylate. 



30 



18. The intraocular lens of Claim 17 wherein the hydrophilic monomer is 
selected from the group consisting of 2-hydroxyethyl acryiate, 2- 



UiTtY&T 
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• '-jtar hydroxyethyl methacrylate, and polyethylene oxide:l0QO <"••'•'' 

monomethacrytate. * • - , - . 



K)rn» ^ 19. The intraocular lens of Claim 12 further comprising one or ; mere - 

absorbers and reactive blue-light absorbers. ~~ >■ 

20, The Intraocular lens of Claim 12 wherein the copolymer has an 
elongation of at least 150%, a tensile modulus < 10 Mpa, and a Tg 
io (end) < 30 °C> 



15 



PAGE 19/22 * RCVD AT 2/17/2005 3:45:16 PM [Eastern Standard Time] * SVR:USPT0»EF){RF-1I3 * DNIS:8729306 * CSID:651 736 6133 * DURATION (mm-ss):06-16 



INTEL PROP 220 10W 



651 736 6133 
!NTE3iNAH0NAL SEARCH REPORT 



02/1 7/05 1 5 : 48 0 :20/22 NO : 506 



met AppH^MktA Ho 

PCT/U5 00/23285 



A. Cl>S$Ji«lCAT10M OF 5U3JEC7 MATTCR 

IPC 7 COSF220/30 C08F220/18 G02B1/04 A61L27/16 



Ac^6fflg>g m mit; motions* Paiont Gt&aattcafnm HPQortn both nahonid ctoixxiGcation and ire 



0. FieL05 3EAPCM£O 



Minimum obcurneniaton sear crw»d (classification system tolowtid by ctassatcanon ttymbcte) 

IPC 7 C08F 6028 A61L 



DrtCur0fcnW">n JiJiqtcfmU other than mjntfnwm tocumentatton to the «*iftm thai such dncunx>nte yro inctuaad in ma i»ioq searched 



Electronic data bas*? conauneo during ire truemHiionat search (name of data pa** and, when practical, auftreh lerma used) 

EPO-lnternal, WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS C0N5I0CRED TO DE RELEVANT 



Category • Citation of oxumxttt. wih mfljcsiuin. whpre appropriate, ot the rttevarrt paaaages 



WO 96 40303 A (ALCON LAB INC) 
19 December 1996 (1996-12-19) 

claims 1-29 

page 4, line 4 -page 5, line 17 

US 5 693 095 A ( JINKERS0N DAVID L ET AL) 
2 December 1997 (1997-12-02) 
cited in the application 
claims 1-29 
column 1. line 52 -column 2, line 3 
coluitm 2, line 32 - line 38 
column 2, line 44 -column 3, line 38 

US 5 331 073 A (WEINSCHENK III JOSEPH I 
ET AL) 19 July 1994 (1994-07-19) 
ctted 1n the application 
claims 1,8 

-/-- 



m 



Fietovent to dairo rex. 



1,2, 

4-13,19, 
20 



1.2, 

4-13,19, 



Further document* m* i&tad in iho continuation cttxuQ. 



F^exrit Jarrxty member* em Ibwd in annex. 



1 Specaal Cfiteoortei ot cited documents : 

A* riocumtnl derming the general stale of the art *r »c*t b nm 

cunafdered lo be) erf particular relevance 
E* eartlar document but rxihoBhed on or attar the iptarrtaJronaf 

fling daj* 

"T document which may throw doubts on priority o)a*ff(*) or 
wtucn » cjteti to M*UiWi lh« rnii^ita date of another 
crtaaon or other special teaeon (aa apednsdj 
'O* document ratemng to fin oral cxactoauro. use. exhibition or 



T" tale/ document puptttttd attar the International (Una data 
or pnbrty date and not to conflict wxh the appticatton but 
cited to uncttnannd tne pftncrpfa or Ihmiry undertyrg tha 



•P* document puOltahed prior to the intamaJionai ffflntj date but 
later than tha priority data claimed 



'X* document o* particular relevance: the c _ 

cannot be oonskJtred novel or cannot be considered to 
iwofce an xwefteVe step when the document b Uxon atone 

•Y* document of particular relevance; the etnimed invention 
cannot be centfdored lo tnvotvo an inwenuve atop when tha 
document b combined wiih one or moro other such docu- 
ment*. *uch comtjinoaon being obvious to q pwion c 
in the art. 

document member ot the same patent I amity 



Data of the actual enmraafon of thn international search 

31 October 2000 


0«ie or majmo ot tne tnternanonal toarch report J 

21/12/2000 


Name end rtwfcng eddreea of tha iSA 

Eurapoan Pamm Offca, P.a 501 8 Pttenttaan 2 

NL-22*OK\/RfiBwiMc 

Tai (431-70) 540-2040. Tx 31 651 epo n), 

Fax! (*31-7f>) 340-30 16 


AUtnOftfced oltiODr 

Oepljper, R 



PAGE 20/22 * RCVD AT 2/17/2005 3:45:16 PM [Eastern Standard Time] ' SVR:USPT0€FXRF-1/3 * DNI8:8729306 ' CSID:651 736 6133' DURATION (mm-ss):06-16 



• INTEL PROP 220 10W © 651 736 6133 02/17/05 15:48 0:21122 N0:506 



2 





INTERNATIONAL SEARCH REPORT 


If*** *>r>*l Application fJ« 

PCT/US 00/23285 




C.{Contfnu*k>n> DOCUMENTS CONSID£n£0 TO RELEVANT 








Cilcyury i 


Caalton or document, witM jnd^iKiA.wnaro appropriate, ol me rrHrvwvi pasaag&s 






P. A 


WO 00 34804 A (BAUSCH 4 L0MB SURGICAL INC) 
15 Oune 2000 (2000-06-15) 
claims 1,3,13 
page 11, paragraph 2 
page 12, paragraph 2 


1 ^3HS 
. ... ^OWB 

; 

1 





Form «:T/iSAd jo (<**m™*»i <* mow) sn**n f-**y > ww 

D*ae 2 of 2 



PAGE 21/22 * RCVD AT 2/17/2005 3:45:16 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/3 ' DNIS:8729306 * CSID:651 736 6133 * DURATION (nniws):06-16 



INTEL PROP 220 10W 



1? 651 736 6133 



INTERNATIONAL SEARCH REPORT 

Inform**** t>* p«»nt tamHy m**b«r» 



02/17/05 15:48 0 :22/22 NO: 506 



PCT/US 00/23285 



Patent document 




Publication 








cited in search report 




date 




m&mber<6> 


date 

-— — 


W0 9640303 


A 


19-12-1996 


AU 


696001 B 


A -'^2-7-08-1998 








AU 


5742896 A 


30-12-1996 












19-12-1996 








EP 


0774983 A 


28-05-1997 








JP 


10504059 T 


14-04-1998 








US 


5693095 A 


02-12-1997 


US 5693095 


A 


02-12-1997 


AU 


696001 B 


27-08-1998 








All 




30-12-1996 








CA 


2195092 A 


19-12-1996 








EP 


0774983 A 


28-05-1997 








JP 


10504059 T 


14-04-1998 








WO 


9640303 A 


19-12-1996 


US 5331073 


A 


19-07-1994 


AU 


5549794 A 


08-06-1994 








EP 


0667966 A 


23-08-1995 








OP 


8503506 T 


16-04-1996 








WO 


9411764 A 


26-05-1994 








US 


5359021 A 


25-10-1994 


WO 0034804 


A 


15-06-2000 


AU 


1476000 A 


26-06-2000 



Fexm FCT/1SA/310 (paHtfrt tamdy km+x) {JuV — - 

PAGE 22C2 * RCVD AT 2/17/2005 3:45:16 PM (Eastern Standard Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:651 736 6133 * DURATION (mm«s):06-16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LURRED OR ILLEGIBLE TEXT OR DRAWING 



